Aims. We present multiwavelength (X-ray/optical/near-infrared/millimetre) observations of GRB 051022 between 2.5 hours and ∼ 1.15 yr after the event. It is the most intense gamma-ray burst (∼ 10 −4 erg cm −2 ) detected by HETE-2, with the exception of the nearby GRB 030329. Methods. Optical and near infrared observations did not detect the afterglow despite a strong afterglow at X-ray wavelengths. Millimetre observations at Plateau de Bure (PdB) detected a source and a flare, confirming the association of this event with a moderately bright (R = 21.5) galaxy. ′′ ) it suggests a very luminous (M V = − 21.8) blue compact galaxy, for which we also find with Z ∼ Z ⊙ . The X-ray spectrum shows evidence of considerable absorption by neutral gas with N H,X−ray = 3.47 +0.48 −0.47 × 10 22 cm −2 (rest frame). Absorption by dust in the host galaxy at z = 0.809 certainly cannot account for the non-detection of the optical afterglow, unless the dust-to-gas ratio is quite different than that seen in our Galaxy (i.e. large dust grains). Conclusions. It is likely that the afterglow of the dark GRB 051022 was extinguished along the line of sight by an obscured, dense star forming region in a molecular cloud within the parent host galaxy. This galaxy is different from most GRB hosts being brighter than L * by a factor of 3. We have also derived a SFR ∼ 50 M ⊙ /yr and predict that this host galaxy will be detected at sub-mm wavelengths.
Introduction
The first gamma-ray burst (GRB) with a fading X-ray afterglow and without an optical counterpart was detected by BeppoSAX in Jan 1997 (Feroci et al. 1997 , Gorosabel et al. 1998 . The number of similar events has continued to increase during the Afterglow Era. Dark GRBs seem to constitute a significant fraction of the Send offprint requests to: A.J. Castro-Tirado, e-mail: ajct@iaa.es ⋆ Based on observations taken with the 1.0m telescope at ARIES, with the 2.0 m telescope at Hanle, with the 1.5 m Carlos Sánchez at Observatorio del Teide, with the 1.5 m telescope at Observatorio de Sierra Nevada, with the 3.5m Telescope at the Spanish-German Calar Alto Observatory, with the 3.5 m Telescopio Nazionale Galileo, with the 4.2 m William Herschel telescope, at the Observatorio del Roque de los Muchachos in La Palma, and with the 6.0 m Bolshoi Azimuthal Telescope at the Special Astrophysical Observatory in Zelenchukskaya.
GRB population (eg Filliatre et al 2006) . Although in these cases where no optical/near infrared (nIR) afterglows have been detected, transient X-ray and radio emission has pinpointed the parent galaxies where the bursts occurred. About 48% (34/71) of GRBs that were localised by Swift/XRT during the first year of the mission do not show an optical (or near-IR) afterglow, despite deep searches (down to 21-22 mag) performed for nearly all events within 24 hr.
Proposed explanations include obscuration, a low-density environment, intrinsic faintness and a high-redshift location (also discussed by Jakobsson et al. 2004 , Fynbo et al. 2001 . The first possibility could be due to: i) a high column density of gas around the progenitor like a dusty, clumpy medium in a giant molecular cloud (GMCs, Lamb 2001) or ii) to dust in the host galaxy at larger distances which can account for only ∼10% of the events (discussed in Piro et al. 2002) . The occurrence of a burst in a low-density ambient medium (Taylor et al. 2000) will result in a very dim afterglow, although this seems unlikely due to the accepted association between longduration GRBs and core-collapse supernova whose progenitors would not have had time to travel too far from their birth places in star-forming regions. The high-z case, in which the Ly-α forest emission will affect the optical band, it is only applicable for ≥ 10% of the events (see Gorosabel et al. 2004) .
Therefore it is essential to find new potential dark GRBs and to study whether the darkness is due to the obscuration scenario (the a-priori most plausible scenario for the reasons given above). Thus, the bright GRB 051022 constituted a perfect case study. It was discovered by HETE-2 on 22 Oct 2005 (Olive et al. 2005) . The burst started at 13:07 UT and lasted for ≈ 200 s, putting it in the "long-duration" class of GRBs (Tanaka et al. 2005) . It was also observed by Mars Odyssey and Konus/WIND (Hurley et al. 2005) . It had a fluence of (2.20 ± 0.02) × 10 −5 erg cm −2 in the 2-30 keV range and (1.40 ± 0.02) × 10 −4 erg cm
in the 30-400 keV energy band, making it the highest fluence event detected by HETE-2 in its 6-yr lifetime, with the sole exception of the nearby GRB 030329 (Ricker 2005 (Nakagawa et al. 2006) . Golenetskii et al. (2005) report the best fit to the Konus data is a power law with exponential cutoff model with alpha = 1.176 ±0.038 and E peak = 510 +37 −33 ) keV in the 20 keV -2 MeV energy range, a higher value than derived by HETE-2. The prompt dissemination (55.0 s) of the GRB position by HETE-2 enabled rapid responses by automated and robotic telescopes like ROTSE-III (Schaefer et al. 2005) and ART (Torii et al. 2005) , although no prompt optical afterglow was detected. Swift slewed and started data acquisition (about 3.5 hr after the event) and fading X-ray emission was detected by the XRT, which can be considered as the first clear detection of the afterglow from GRB051022 (Racusin et al. 2005a ). This result triggered a multiwavelength campaign at many observatories aimed at detecting the afterglow at other wavelengths.
Here we report the results of the multiwavelength observations carried out, from millimetre wavelengths to the X-ray band, for both the afterglow and for the host galaxy, and we discuss the implications of the study for dark GRBs.
Observations and data reduction

Optical and near-IR observations
Target of opportunity (ToO) observations in the optical were started 2.9 hr after the event using the 1.0 m telescope (+CCD) at ARIES and the 2.0 m telescope (+ HFOSC camera) at Hanle (near Himalaya in India). Additional optical observations were made at 1.5 m telescope (+ CCD) at Observatorio de Sierra Nevada in Granada (Spain). Near-IR (nIR) observations were started at the 1.5 m Carlos Sánchez telescope (+ CAIN-2) at Observatorio the Izaña en Tenerife (Spain) and with the 3.5 m Telescopio Nazionale Galileo (+ NICS) at Observatorio del Roque de Los Muchachos in La Palma (Spain). Spectroscopic observations of the potential host galaxy were conducted at the 4.2m William Herschel Telescope at La Palma on 7 Nov 5, using ISIS with the blue arm centred at 4500 Å and the R300B grating (3200-5300 Å, dispersion 0.86 Å/pix) and the red arm centred at 6450 Å and the R300R grating (5300-7600 Å, dispersion 0.84 Å/pix). A second spectrum was obtained with the red arm centred at 8650 Å and the R300R grating (7500-9800 Å, dispersion 0.86 Å/pix). A third spectrum was obtained at the 6.0m Bolshoi Azimuthal Telescope in Caucasus on 12 Dec 2006, using SCORPIO with the VPHG400 holographic grism (3500-9500 Å, 15 Å resolution). The observation log is presented in Table 1 . In order to determine the magnitudes in all our optical and nIR images, we used aperture photometry with the DAOPHOT routine under IRAF 1 . The potential host galaxy was revealed in the optical (Fig. 1) . The optical field was calibrated using the calibration provided by Henden (2005) . The nIR images were calibrated using the 2MASS Catalogue.
The spectroscopic observations were reduced under IRAF following the standard procedure to correct the frames from bias and flatfield. The spectra are also calibrated in wavelength, but not in flux.
Millimetre observations
Additional mm observations were obtained at the Plateau de Bure Interferometer (PdBI) as part of an on-going ToO programme. The PdBI observed the source on Oct 23, 24, 28 and 31, in the 5 antenna compact D configuration). The data reduction was done with the standard CLIC and MAPPING software distributed by the Grenoble GILDAS group, the flux calibration is relative to the carbon star MWC349. Amplitude and phase calibration were relative to the quasar 3C454.3. The observing log is presented in Table 2 .
X-ray observations
The XRT on Swift began to observe GRB 051022 ∼3.5 hours after the trigger and detected a decaying X-ray source in the Swift/XRT field at position RA(J2000)=23 h 56 m 4.1 s , Dec(J2000)=+19
• 36 ′ 25′′ (Racusin et al. 2005a ). The XRT observations are in Photon Counting (PC) mode and were re- Table 3 . GRB 051022 host galaxy optical and nIR photometry. duced using the standard xrtpipeline (version 0.10.4) for XRT data analysis software 2 using the most recent calibration files. The spectral data were analysed with the XSPEC version 11.3 (Arnaud 1996) .
The first two observations show evidence of mild pile up and an annular source region rather than a circular one was used in both of these cases (for a detailed discussion of PC pile up in XRT see Vaughan et al. 2006) . The radius of the affected inner annulus was determined by fitting the point spread function to the data and selecting regions where the data are are well fit by the point spread function. Inner annuli regions of 10 and 5 arcsec were excluded in this manner for orbit 1 and 2 respectively. The exposure map correction was used was to account for the presence of bad columns close to the centre of the source image.
2 http://swift.gsfc.nasa.gov /docs/software/lheasoft/download.html
In addition, the count rate was manually corrected for the loss of counts incurred by the use of an annular extraction region for the pile up correction.
Results and discussion
The afterglow was detected at X-ray and millimetre wavelengths, but not in the optical of near infrared bandpasses. The later non-detections are in agreement with the upper limits reported by ROTSE-III (Schaefer et al. 2005 ) and ART (Torii et al. 2005 ).
No optical/nIR afterglow
The Swift/XRT detected the X-ray afterglow for GRB 051022 (Racusin et al. 2005a) , allowed us to promptly identify two objects (dubbed "A" and "B", adopting the naming convention introduced by Castro-Tirado et al. 2005) in the surroundings of the XRT X-ray error box. Only object "B" was located inside the box while "A" was just 1.5 arcsec outside. Neither of the two objects were found to be varying in our images, in agreement with other early time reports by Nysewander et al. (2005) or Burenin et al. (2005) .
In order to estimate the optical and nIR limiting magnitudes of the possible underlying transient at these wavelengths, we simulated a point source underlying in the host galaxy, making use of the PSF in nearby stars in the field in both the deep R c and K S -band images, and determined the limiting magnitude at which the simulated point source would be remained detected at a 3σ level by our detection software. These values, R = 21.5 and K S = 18.0, are used hereafter.
Millimetre afterglow: flaring activity ?
In order to detect the elusive afterglow, mm observations where conducted at PdBI 33 hr after the burst. The afterglow was successfully detected, with a flux density of 1.14 ± 0.28 mJy at 90 GHz, at a position RA(J2000)=23 h 56 m 04.15 s , Dec(J2000)=+19
• 36 ′ 25. ′′ 1 (± 0 ′′ .6). The source was coincident, within errors, with the above-mentioned source B, which was found to be extended on images taken by Berger and Wyatt (2005) . Thus, the position of the millimetre afterglow position is superimposed on a bright optical/nIR potential host galaxy. The mm afterglow faded substantially in 24 hours and the object was not detected on 24 Oct or 28 October. Another detection was obtained on 31 October (see Fig. 2 ), thus confirming the trend observed at 4.8 GHz (Fig. 1 of ). Such a mm reflaring at late epoch might be caused by an energy injection episode but the lack of detailed observations at other wavelengths prevents confirmation.
We also unsuccessfully searched for line emission around the 3mm wavelength and therefore "cut" the spectral information of the 90 GHz observations into large velocity bins (100, 200 km s −1 ) to check if there is a line profile (which should have a signalto-noise ratio ≥ 3, because the average over the whole continuum band would mix the line with noise and weaken it).
The X-ray afterglow
The X-ray light curve of GRB 051022 in the energy range 0.3 to 10 keV is shown in Fig. 3 . The data is best fit by a broken power law with pre-break index, α X1 = 1.50±0.07, post-break index α X2 =2.47±0.40 with a break at 216±55 ks using a smoothing factor of 10. The fit is roughly consistent with the values reported by Racusin et al (2005b) who obtain a pre-break power law index of 1.33±0.07, a break at 2.9 ± 0.2 days (250±17 ks) after which the power-law index changed to 3.6±0.4 and the differences can likely be attributed to the availability of new software and responses. report an earlier break time of 110 +21 −23 ks based on the Swift/XRT and Chandra data. The spectra shown in Fig. 4 were extracted individually for orbit 1, 2 and 3 to 7 and were fit simultaneously. The data have 20 counts per bin. The pre-break X-ray spectra can be fit by a photon index Γ = 2.25 ± 0.15 and a column density of (0.85 
Spectral Energy Distribution modelling
We have determined the spectral energy distribution (SED) for GRB 051022 at T 0 + 33 hr at time of the PdB observations (Fig  5.) . The data are well fit by a jet model with p = 2.6 ± 0.2, as α = (3p − 2)/4 and β = p/2 for pre-break (isotropic emission) and ν X > ν c derived from the X-ray data and assuming the slow-cooling regime (Sari et al. (1998) ). We cannot distinguish whether the external medium is ISM (ρ = constant) or a stellar wind profile (ρ Fig. 4 . Pre-break spectra of GRB 051022 including orbits 1, 2 and 3 to 7 separately. The spectra are offset as indicated for clarity of presentation.
∝ r −2 ). We have also included the radio detections at the WSRT and VLA (van der Horst et al. 2005, Cameron and Frail 2005) .
The obscuring medium
GRB 051022 is located undoubtely in the dark GRB locus of the F opt − F X−ray diagramme of Jakobsson et al. (2004) . Clearly the reason that the afterglow was not detected either at optical or at nIR wavelengths is due to obscuration along the line of sight. The spectral energy distribution can be used to estimate the amount of extinction by dust at optical wavelengths and predicts a magnitude R ∼ 18.3 at T 0 + 33 hr. The R band upper limit from our observations is 21.5 mag and therefore we infer a considerable extinction toward GRB 051022, with a lower limit A R = 3.2 mag in the observer frame. This is equivalent to A V = 1.7 mag in the rest frame at z = 0.809 (see next subsection) from which an equivalent Hydrogen column density at rest frame of N H,opt ≥ 0.4 × 10 22 cm −2 is derived, assuming the relationship A V = 0.56 × N H (10 21 cm −2 ) + 0.23 of Predehl & Schmitt (1995) . A value of N H,X−ray = (3.47 +0.48 −0.47 ) × 10 22 cm −2 (rest frame) was derived from the X-ray data assuming the absorbing material being in a neutral cold state. Therefore, the ratio of N H,X−ray /N H,opt less than 9.
Comparable values of N H,X−ray (rest frame) were found in other GRBs like GRB 980703 (Galama & Wijers 2001) and GRB 050401 (Campana et al. 2006 ) and whereas substantially higher values were found in another two dark GRB host galaxies GRB 970828 (Djorgovski et al. 2001 ) and GRB 000210 (Piro et al. 2002) , assuming the gas-to-dust ratio is compatible with the Galactic value.
Is it possible that the absorption took place in the circumburst environment of the GRB by the ISM of the host galaxy? The value of A V = 1.0 derived from the host galaxy SED (see subsection 3.4) cannot account for the properties of this event assuming a dust-to-gas ratio similar to the Galactic value. Therefore the remaining possibility is that absorbing medium is a giant molecular cloud (GMC) along the line of sight and within the parent host galaxy where such high column densities would be expected. This is also supported by the high absorption column densities (within errors) derived from the HETE-2 and Swift/XRT observations (see also Nakagawa et al. 2006 ).
The nature of the host galaxy
The optical spectrum of the GRB 051022 host galaxy (Fig. 6) shows one prominent emission line at 6731 Å which we interpreted as [O II] Table 4 . This redshift is in agreement with the value z = 0.8 reported by GalYam et al. (2005) . The corresponding luminosity distance is D L = 5.09 ± 0.20 Gpc (assuming H 0 = 71 km s −1 Mpc −1 , Ω m = 0.27 and Ω Λ = 0.73), from which derived a collimation-corrected energy released in gamma-rays for GRB 051022 of (8-18) × 10 50 erg. We derive a lower limit on the star formation rate (SFR) from the strength of the [O II] line, applying the calibration of Kennicutt (1998) 
−41 L [OII] . Using the measured line luminosity as a lower limit implies SFR (M ⊙ /yr) > 3.2 M ⊙ /yr and the SFR becomes SFR (M ⊙ /yr) = (48 ± 3) M ⊙ /yr when the intrisic A V = 1.0 is taken into account.
Another independent measurement for the SFR can be obtained from the UV continuum at 2800 Å, which is produced by massive stars in the galaxy. Using the host galaxy SED, and the Kennicutt (1998) The spectral energy distribution of the GRB 051022 host galaxy is shown in Fig. 7 . The restframe colours (and therefore the associated K-corrections) have been obtained based on the HyperZ code (Bolzonella et al. 2000) , fitting synthetic SED templates to our U BVRI JK S -band magnitudes derived from our own data (see Table 3 and correcting all for the Galactic reddening E(B-V)= 0.06, Schlegel et al. 1998) . At z = 0.809, this is a rather luminous galaxy, with M B = -21.8 (or 3 × L ⋆ adopting M B = -20.6 for a L ⋆ galaxy from Schechter (1976) ). Using an apparent size of ∼ 1 ′′ in our images, this would correspond to about 8 kpc at z = 0.809, typical of compact galaxies and therefore it is possible that the GRB 051022 host would be a blue compact galaxy. Its M B value would place it at the top of their luminosity distribution (Bergvall &Östlin 2002) . The mass of the GRB 051022 can be determined using several methods: i) from the fitting performed with HyperZ, we get a lower limit of >4.3 × 10 9 M ⊙ ; ii) following Bell et al (2005) , a value of 2 × 10 10 M ⊙ is derived; and iii) 4 × 10 11 M ⊙ from Brinchmann & Ellis (2000) . The large scatter is caused by the asumptions inherent to each method.
How does the GRB 051022 host compare to other dark GRB host galaxies ? Table 5 displays several properties for three dark/grey GRB host galaxies: GRB 000210 (Gorosabel et al. 2003a) , GRB 000418 (Gorosabel et al. 2003b ) and GRB 051022. As it can be seen, the GRB 051022 host galaxy seems to be a luminous galaxy (M B = −21.8), with a SFR of ∼ 50 M⊙/yr −1 , among the highest SFR found in GRB host galaxies.
Conclusions
We have shown multiwavelength observations of the long duration gamma-ray burst detected by HETE-2 (GRB 051022) between 2.5 hours and ∼ 30 days after the event. Although a mm transient was found, no optical/nIR afterglow emission has been detected at the position of the X-ray afterglow detected by Swift.
The X-ray spectrum show evidence of absorption by neutral gas with N H,X−ray = 0.85 × 10 22 cm −2 (in the observer frame), but ISM absorption by dust in the host galaxy at z = 0.809 cannot fully account for the non-detection of the optical (and nIR) afterglow. Therefore we are left with the possibility that that the afterglow was extinguished along the line of sight by a giant Molecular cloud (GMC) where the N H,X−ray values are typical to the one found here and therefore no optical/nIR afterglow could be detected as A V ∼ 50 mag (A K ∼ 6 mag). GRB 051022 is one of the most intense dark GRBs detected in the afterglow era and its host galaxy is, unlike, most of the GRB hosts, brighter than L * . We have also shown that the host galaxy is forming stars at a significant rate and derived a SFR (UV) ≥ 8 M ⊙ /yr. We foresee that this galaxy will be detected as sub-mm wavelengths as was the case for the host galaxies of GRB 000210 and GRB 000418 (Berger et al. 2003) .
The synergy between missions like HETE-2 and Swift, the latter being able to be repointed and detect the X-ray afterglow, will allow to study the population of dark GRBs to determine if extinction in the host galaxy (as we have argued in the case for GRB 051022) is the reason that about one-half of afterglows are beyond the reach of current optical telescopes. 
